It would be seen that butyn produced a high degree of after-pain. In some cases it had lasted three or four hours, and in others several days, and was so intense that some patients had said that they would not have it administered again to them on any consideration. Therefore he had now given up the use of butyn. He had found that if he used a stock Ringer's solution, or distilled water supplied by chemists, after-pain was more frequent than if he used water which he himself distilled every morning.
He also showed a table of cases in which nitrous oxide gas was used, in order to provide some guide as to how much of the after-pain was due to the trauma of the operation. He could claim that if he used freshly-distilled water, the after-pain from a local anesthetic was less than after nitrous oxide gas, the reason being that, in many of the cases, the pain was fairly acute immediately after taking out the tooth, and lasted for about an hour after nitrous oxide gas. -But when a local anaesthetic was used, the after-pain occurring during this time was masked by the ana3sthetic, so that by the time the effects of the latter had passed off, all discomfort and pain had gone.
Mr. E. WATSON-WILLIAMS, M.G., Ch.M. (Bristol) .
It is probably safe t,o say, that with the important exception of dental practice, the use of cocaine for injection has, in this country, practically ceased., The various products that have already been mentioned have in this extensive field almost entirely replaced it, largely one must suppose on account of their being safer in use. Dr. Dale has mentioned benzyl alcohol as recommended for this purpose: I am myself working with saligenin, and with a French preparation called atoxodyne (said to be an amido-aliphatic benzoic ester)-similar substances. But all such local anesthetics must be regarded rather as substitutes, if we want them, for novocaine, or whatever the individual may prefer to this, than as substitutes for cocaine. SURFACE ANAESTHESIA. It is when we come to the domain of local ancesthesia by surface absorption that we find the claim of cocaine as yet supreme. Novocaine has been used, I believe, in the urethra, acoine on the conjunctiva; gtovaine and others are on their trial; but so far only 3-eucaine, alypin, and butyn have been found to give in the nose and throat a degree of anesthesia by surface absorption sufficient to be useful. The relative clinical advantages and disadvantages of these three has recently been the subject of considerable discussion, both among Members of this Society and elsewhere; and Dr. Dale has summarized in his opening remarks the views expressed, which appear to be notable for the general agreement discovered. CLINICAL EXPERIENCE OF SUBSTITUTES. My personal experience of all these is not large, nor does it differ in any way from that of others; except that I have not used them to an extent sufficient to reveal the measure of their unreliability. Of them all, butyn, in spite of being so toxic that especial care is required in using it--and I do not think that the position demands more forcible language-gives in my opinion a perfect anawsthesia, at least as good as that obtainable with cocaine. It is to butyn that I should turn if neither cocaine nor general anesthesia was desirable.
Apart from there being sometimes a failure to produce a satisfactory ansesthesia with these drugs, the absence of any ischaemic property-indeed, the distinct tendency to produce congestion-is a very serious defect. It is not discounted by the simultaneous use of adrenalin: even in very dilute solution the latter may be objectionable. These anesthetics, further, are appreciably irritating, butyn more so than the others. Indeed, the manufacturers of the latter point out this property as likely to prove a deterrent to the addict; a belief, I fear, too optimistic.
Up to the present, then, it appears that no one drug is available that possesses all the clinical advantages of cocaine. As to the suggestion that each of these special advantages may be obtained by selection of different drugs for varying conditions, this course is not without serious objections. We must admit that all these anaesthetics are dangerous unless great care is observed in their application: and therefore it is very desirable that our equipment should be as simple as possible. Not a few deaths from cocaine poisoning have occurred because of a mistake between solutions of cocaine and of novocaine, or between strong and weak solutions of cocaine. And if we are to use several different drugs habitually in every clinic, this source of trouble might easily become serious. STABILITY OF COCAINE. A consideration of the relative advantages of the substitutes involves an examination of the disadvantages of cocaine. The stability of cocaine, both for keeping and for sterilizing, is not very much less than that of its rivals. Even novocaine will not stand prolonged boiling, nor will it remain unchanged in the presence of alkali. The really substantial disadvantage of cocaine, is its toxicity, and another is its liability to be abused by the addict.
COCAINE ADDICTION.
To deal first with the latter: It appears to be a matter of the most extreme rarity that the use of cocaine for surgical purposes has led to addiction. At the large gathering in this room on December 7 last, although special inquiry was directed to the point, only two cases could be found in the knowledge of those present, and of those only one was a personal observation. It appears most unlikely that with the recent restrictions on the sale of cocaine, addiction from this cause will be a factor of any importance. Are the substitutes free from this danger ? A long time must elapse before we can be in a position to judge this question. Heroin was at one time advocated as being free from temptation. And I would remind you that cocaine itself was between 1888 and 1895 advocated and used in the treatment of morphine addiction! I have myself seen a distinct euphoria after injection of novocaine; in point of fact such a condition is by no means always a disadvantage during an operation with local aniesthesia.
RESTRICTION OF RIGHT TO PRESCRIBE.1
As to whether the clinical use of cocaine should be confined to administration by the surgeon himself, I can only say that I should find myself at a grave loss if I could not prescribe it in conditions of nasal or pharyngeal irritation. But I feel that I must record my opinion, that the suggestion that the Government should prohibit the use in medicine of any substance, likely in the opinion of the medical attendant to be useful, or necessary for the relief of the patient's condition, is a proposition entirely new and entirely inacceptable.
But after all the real objection to cocaine as a local ancesthetic lies in the fact that it is poisonous. And when we turn to the substitutes, we observe that they are poisonous also. What is more, the poisonous property seems to bear a relationship to the anesthetic power. Alypin is practically as poisonous as cocaine, and has roughly the same anesthetic value: eucaine is appreciably less toxic, but its anmesthetic power is also less: while butyn, which has an anesthetic value rather more than that of cocaine, is certainly not less toxic, and in my view is definitely more toxic. Nor at first sight is this a matter of surprise. Clearly, a local ancesthetic must be a substance with a special affinity for nervous tissue; otherwise it would not act as a good ancesthetic. The double salt of quinine and urea at one time advocated for this purpose well illustrates this point. It is not strongly selective for nervous tissue; and has been found to have so much effect on other tissues that it is now rather fallen into obscurity-unless we are to use it for producing submucous sclerosis in the treatment of haemorrhoids! ESTIMATION OF TOXICITY. It is not, however, fortunately a necessary conclusion that we shall never obtain a local anesthetic entirely without the disadvantage of toxicity. It is important when we discuss the toxicity of any drug to state clearly how that toxicity is measured. The pharmacologist estimates the toxicity by means of experiments on animals. Doubtless experiments on apes would be the best method, if it were feasible, of estimating the toxicity for man; but considerations of expense, if nothing more, make this almost impossible, and it seems probable that deductions from experiments on smaller animals, such as dogs or guineapigs, may give us valuable guidance. As far as possible the method of administration to the animal should be the same as that used clinically, e.g., subcutaneous. A series of graduated doses of the drug is administered to animals of the species chosen and the smallest dose that will cause death is thus determined lFor convenience this may be expressed in terms of grams of drug per kilogram of animal. The reciprocal of the figure thus obtained is a measure of the toxicity of that drug for that species; it indicates, of course, the weight of animal that will be killed by one gram of the drug. Having found this figure for a drug of which we know the toxicity in man, and also for the drug under investigation, we have a measure of the relative toxicity, at the concentration used, for the species chosen, of the two drugs; we may then assume that their relative toxicity in man is the same, and so estimate the toxicity of the new drug for man. The assumption may appear a large one, but provided we regard the figure obtained only as a rough guide to the minimum value, the method seems to work satisfactorily. It does, however, seem to me to be very unwise to suggest that the toxicity of a new drug, which in cats is more toxic than cocaine, is for man less toxic, until there is a definite body of experimental or clinical evidence to support this contention.
CONCENTRATION OF SOLUTION.
I have ventured to lay some emphasis on the question of the concentration of the drug in relation to the toxicity. The actual killing power, for example, of a gram of cocaine depends very much on the strength in which it is injected.
The results of an extensive series of experiments' with cocaine, subcutaneously 1 The cost of these experiments has been defrayed by the Colstoln Research Fund of Bristol 'University.
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at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from injected into guinea-pigs, is indicated in the chart below. Horizontal measurements indicate the per cent. concentration of the drug, vertical, its toxicity in kilograms per gram. It is the shape of the curve which is of interest. In concentrations above 2 per cent., and especially above 5 per cent., the toxicity is not very materially affected by variation in the concentration-the curve is nearly horizontal. But in larger dilutions the toxicity of the same gram of cocaine falls rapidly; at J per cent. it is only half as toxic as at 2 per cent. This might not appear very important, but I would remind you that most of the experimental work has been done with concentrated solutions, while clinically only the dilute solutions are injected. If the curves for all the drugs were of the same shape the validity of the comparisons at high concentrations applied to low concentrations would not be affected. I have, however, definite evidence that this is not the case. The curve for butyn, which I have not finished, is Concentration. Per cent strenqth of solution.
EffSt of dilation on the toxicity of one gram of cocaine hydrochloride. much more rectangular than this; that is to say, dilution has a less effect in lowering the toxicity of butyn than in the case of cocaine. The reverse ,condition is indicated for novocaine.
NON-TOXIC CONCENTRATION. There is another point in connexion with this curve. It comes down as if it would meet the line of zero toxicity before it reaches zero concentration. In other words, if we sufficiently dilute the drug, a point is reached at which it is entirely non-toxic. For cocaine, this point is probably below the limit of clinical usefulness, but for novocaine it is possible that it lies near i per cent.; that is to say, it is impossible to administer subcutaneously a dose of novocaine in i per cent. solution that will kill a guinea-pig. I believe this is supported by at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from clinical observation. Perhaps it is in this direction that the solution of the problem of an entirely non-toxic substitute for cocaine will be found-a substance which gives good surface anesthesia in its non-toxic concentration. Let us wish our synthetic chemists " more power to their elbow." DANGER RATIO.
The clinician does not estimate the toxicity of his anesthetic by the lethal dose. A knowledge of this is useful to him, but in practice he hopes always to keep his dosage far below this dangerous point. For him the toxic dose is that which exposes his patient to the risk of serious disturbance, such as fainting, palpitations or the like, not to mention convulsions. With each ansesthetic, and varying possibly with each concentration, such a dose may be a different fraction of the lethal dose. This fraction I have called the danger ratio. It appears that cocaine has a low ratio, while stovaine and novocaine have a higher, and alypin and butyn yet a higher. Exact measurements of the smallest dose that produces such effects in experimental animals is manifestly a matter of great difficulty, and I cannot claim a higher degree of accuracy than to state that this is how the experiments impressed me. I suggest that for cocaine the ratio in man is about one-eighth. It is to this low value that the relative safety of cocaine in practice is possibly partly due: those who have been tempted to exceed the safe dose would be warned by the occurrence of cases of fainting, &c. Perhaps some of the newer anwsthetics will be less ready to afford this warning-an additional reason for caution in using any new drug. The bad reputation of cocaine for toxicity and for demonstrating idiosyncrasy almost certainly depends on some such factor rather than on the occurrence of deaths from proper clinical use. The rather wide variation between the relative toxicity of several drugs as estimated by the clinician and by the pharmacologist may be explained on these grounds, and a consideration of the story told by the concentration-toxicity curves.
POSSIBLE SUBSTITUTE FOR COCAINE. A due recognition of the value and importance of a really satisfactory substitute for cocaine is evidenced by the ceaseless work that has now for years been carried out by the chemists and pharmacologists in this country, in America, and on the Continent. The search is arduous and intricate. Apart from considerable technical difficulties, although some glimmering of light is beginning to be thrown upon the relations between chemical constitution and pharmacological action, this field of knowledge is so generally obscure that a method of trial and error is necessarily adopted. The surprises and disappointments are many: Dr. Dale mentioned that butyn, the most toxic of the substances we are discussing, is homologous to novocaine, the least toxic. At Bristol University, a homologue of 83-eucaine has been synthesized in the hope that it would be found less toxic than 8-eucaine; it proved to be more than twice as toxic. It is almost certainly only a matter of time before we are in possession of the perfect local anaesthetic. But I feel that if we are asked whether we have now any substance that can replace cocaine in our pharmacopoeia, the answer must be an unqualified negative.
Mr. FRANK COLEMAN remarked that local anesthetics were employed in dental surgery in several ways. From the dentists' point of view, the crux of the matter seemed to be in finding an efficient local anaesthetic, apart from cocaine, for operations such
